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Abstract ; The study on measurement of lifetime of the minority charge cunliers in grown crystals of transition metal dichalcogenides (TMDC) 
material MoSj,Sc2.^hasbcen reported for stoichiometric variation X=0,0.5,1,1.5, Tlte electrical field excitation method has been used for illuminating 
of the single crystal MoS,3c2^. The lifetime of minority charge carriers have been evaluated from the analysis of exponential decay curve of the 
output voltage traced under swiping mode of CRO. It is found from the present investigation that as X in the MoS^Se:.., TMDC layer compounds 
increases, the lifetime of the charge carrier is also increases. The possible cauies of such dependency of the lifetime of charge earners on the 
stoichiometric variation in such TMDC layer compound are explained.
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1. Introduction
The single crystal o f transition metal dichalcogenides 
have generated considerab le  am ount o f interest. 
.Structurally, this com pound is found by stacking 
‘Sandwiches’ consisting of a layer of transition metal 
atom.s between two layers of chalcogen atoms. There is 
strong covalent bonding within the sandwich layers, but 
weak Van der Waal bonding between them. This 
crystalline anisotropy leads to anisotropy in electrical 
property, which opens the door for its diverse application 
such as catalyst, batteries and lubricant. These single 
crystals are also used in photo-electro chemicals solar 
cells, optoelectronic devices etc. TMDC compounds are 
having layered structure which, possesses semiconductor 
properties. The TMDC compound allows the process of 
intercalation or insertion of foreign atoms and molecules 
into host materials, thereby altering the structure and 
electronic behaviour [1-8]. In optoelectronic device charge 
carriers are injected by external electric field, hence 
measurement o f lifetime o f such excess carriers is of the 
vital interest in characterization o f material. In present
paper the lifetime of minority carriers in MoSea, 
MoSoaSci s, MoSSe and MoSi.5Seo.5 TMDC compounds 
are reported using electrical excitation method.
2. Experim ental procedure
In the present work, all the compounds were synthesized 
directly from the elements using direct vapour transport 
(DVT) method. Appropriate amount of powder were 
weighted accurately for desire composition and mixed 
intimately to give homogeneous mixture. The best quality 
fused quartz ampoule was cleaned thoroughly. The proper 
procedure for cleaning and sealing o f ampoule was 
adopted. The seal ampoule was introduced into two-zone 
pre-calibrated furnace at constant temperature to obtain 
the charge of the compounds. The charge so prepared 
was rigorously shaken to ensure proper mixing of 
constituents and kept in the furnace under appropriate 
condition to obtain the single crystals. We have grown 
the series of MoSe2, MoSo.5Sci,5i MoSSe and MoS).3Seo.5. 
Single crystals are chasacterized for structural data. The 
above crystals are used to measure the lifetime of minority
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charge carriers. The experimental set up used for 
measurement of lifetime is shown in the Figure I.
Power supply
Figure 1. Schematic diagram of experimental setup.
The sarnpJe of TMDC was mounted on glass slide 
and four-equidislance contacts were taken out along a 
line. Two contacts are used, for input electrical excitation 
and two for measuring the output waveform on CRO 
The magnetic reed provides rectangular current pulse to 
sample (during its on slate) causing almost vertical rise 
of the spot on CRO. Wlien reed goes to off state the 
generated charge carrier decay exponentially causing decay 
curve on CRO. In thermodynamic equilibrium, the electron 
and hole density of a grown crystal remains constant 
with respect to time. This density can be ‘up set’ by 
subjecting to external excitation and after removal of the 
excitation of the field, the restoring process takes place, 
which reestablish Ihe original equilibrium density in time.
3. Results and discussion
The decay curve observed for TMDC materials M oS ^e2-x 
are shown in Figure 2.
The analysis of the curve fits to the exponential nature 
as
Vit) = Vo exp (t/r). (j)
Here V{t\ Vo and t are voltage at time /, maximum 
voltage at f = 0 and r  is the life time of the minority 
charge carriers. This leads to the relation for lifetime of 
charge carriers as
r  = -  r/ln [V{t)/V{o)] (2)
So, we have plotted in Figure 3 the curve of / In [V 
(t)!V{o)\ to obtain the life time from the slope of the 
curve.
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Figure 3. Logarithmic curves of decay of life time of minority charge 
carriers.
Thus obtained lifetimes for various TMDC samples 
are shown in Table 1 alongwith resistivity. Hall mobiliiy. 
Hall coefficient, carrier concentration and optical bund 
gap for respective samples of TMDC compounds 11,8J.
From the careful analysis o f results, following 
conclusion can be made ;
As the concentration X  of the sulphur increases, the 
life time of the minority charge carriers of material 
increases. The resistivity against lifetime obey linear 
relation p  = 1 .1 9 0 7 r- 3.346 with -  0.9943 (Figure 4).
This sugge.sts that lifetime of minority charge carriers 
in the TMDC compounds is directly proportional to the 
resistivity of material. The Hall mobility verses lifetime 
of the aforesaid compounds follows the polynomial 
relation of the degree two (Figure 5).
Thbie 1. Resistivity, Hall mobility, Hall coefficient, carrier concentration and optical band gap fot respective samples of TMDC compounds.
Compound Life time 
micro sec
Resistivity
ohm<cm
Hall
mobility
cmVvolt-sec
Hall
coefficient
Carrier
concentration
cm’^
Optical 
band gap 
eV
MoSc2 4.6648 ± 0.1651 1.98 54.3 -108.7 5.73 £  + 16 1.36
MoSo.5SCi,5 5.0142 ± 0,0755 2.8200 62.3 -175.7 3.55 £  + 16 1.475
MoSSe 6.7753 ± 0.1270 4.4200 83.7 -370.2 1.69 £  + 16 1.57
MoS|.5Seo,5 10.08 ± 0.53 8.6300 85.8 -740.7 0.885 E 16 1.67
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Ficiure 4. Resistivity against life time of minority charge earners. 
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Figure 5. Hal! mobility against life time of minority charge carriers.
The Hall coefficient verses lifetime also follows linear 
lelationship (Figure 6). The carrier concentration against 
iifdime predicts power curve (Figure 7), The optical
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band gape verses lifetime obeys the polynomial relation 
of the degree two (Figure 8). Here, higher the optical 
band gap, higher the life time of the minority charge 
carriers of the material.
Figure 6. Hall coefficient against life time of minority charge carriers.
•‘'sure 7. Carrier concentration against life time of minority charge 
carriers.
Figure 8. Optical band gap against life time of minority charge curriers.
4. Conclusions
At the end, we conclude that the life time of the 
minority charge carriers in TMDC compounds can be 
adjusted to the required value by controlling the density 
of the recombination centers. It is difficult to long life in 
low resistivity material, as density of the impurity is low. 
The results for MoSej, WSc2, SnScj and Moo2Wo,s.Se2 
(TMDC) compounds are also confirms all the above 
conclusions (9).
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